Adhesive bonding is a joining technique that offers great design flexibility as it can be effectively integrated into practically available industrial sequences of single-piece work. Adhesive is seldom used in high-temperature structural applications that exposed to extreme environment, particularly in the granulation application. Granulator fluidization bed is a main component of urea granulator system in fertilizer plant. Perforated plate and frame structure are normally joined together using plug welding techniques. However, this technique has been proven unreliable. Plug welding technique requires specific amount of heat and welding speed to avoid excessive metal melting (304L Stainless Steel) due to a thin perforated plate, i.e. 1.25 mm. Moreover, fluidization bed is exposed to operating temperature of 95⁰ C. This research aims to examine adhesively-bonded T-joints in tension at temperatures between room temperature and 100°C. This is also to identify the effective bond thickness at different temperatures by testing specimens with various bond thicknesses. The experimental result obtained used for validation by FE model of adhesive T-joint.
Introduction
Adhesive bonding have some inherent performance advantages over mechanical or fusion fastening. These technique is a viable technique for joining a wide range of materials. Adhesive is required to show high-temperature competencies while maintaining their mechanical behaviour and their structural respectability at the proposed operating temperature for factor of thermal resistance damage at elevated temperature. There is great interest for the industry to develop a new technology and processes for easy recycling, cure or self-cure bonded structure [1] . However, at the same time increasing the lifetime, reducing the cost and enhancing the safety structures are highly demanded. Adhesive is also commonly used in high-temperature structural applications that exposed to extreme environment. Some researchers conducted the study on the adhesive joint failure depends on the adhesion behavior [2, 3] . However, the properties of the adhesive can also be classified as a failure criterion. Several authors have found that the environmental factors can affect the properties of an adhesive joint and ultimate mechanical performance of the adhesive joint [4] [5] [6] . Moreover, it is important to consider thermal effects because these generally lead to a joint strength reduction [7] . Thus, these factors must be considered as critical factors in determining long term durability of adhesive joint. In this study, FE modelling and analysis of a structural adhesive T-joint will be investigated as a preliminary study for further investigation into the potential usage of adhesive Tjoint at elevated temperature.
Methodology
Adhesively T-joint is considered for determination of failure strength in Fig.1 . The adhesive thickness of 1.0 mm or 2.0 mm is bonded between the stainless steel plate and perforated plate, before fixing the test specimen in UTM. Teflon mold was used to adjust the adhesive thickness. The specimens were exposed to the curing environment of room temperature for 18 hours before testing as shown in Fig. 2 . The purpose of experiment was conducted to study the failure strength of adhesive T-joint. The manufactured specimens and thermostatic chamber mounting are shown in Fig. 3 
Result and Discussion
Observation shows that adhesive T-joint at 35°C failed under highest load of 1.572 kN and 1.731 kN for adhesive thickness of 1.0 mm thickness and 2.0 mm respectively. There were the optimum failure strength of adhesive joint for each thickness. The failure stress for other temperature is determine from the experimental value as shown in Table 1 . 
Determination of Failure Stress by FE Analysis
In order to verify the experimental result for failure stress, FE model was prepared with same geometric dimensions of specimen considered in experimentation. The material properties of adhesive and stainless steel specified are as shown in Table 2 . Fig. 5 shows the effect of Elastic modulus and Poisson's ratio at elevated temperature.
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Advanced Research in Materials and Engineering Applications For stainless steel properties, the modulus of elasticity of 1.93x10 5 MPa and Poisson's ratio of 0.31 was used in FE analysis. 3-D structural modelling was used because this approach allows a coarser mesh with good solution accuracy. The mesh was generated using triangular element. Load and constraints required were added to perform a static analysis. The stress contours for maximum Von-misses stresses in adhesive is shown in Fig 6. The FE analysis revealed the maximum stress in the adhesive as 1.968 MPa and 2.502 MPa at 35°C for 1.0 mm and 2.0 mm respectively.
Static Stress Analysis of Adhesive under Axial Tensile Load
FE analysis was carried out by tensile load from experimental which was applied on perforated plate and vertical plate constrained in all directions. The Maximum Von-misses stresses present in adhesive T-joint at the varied thickness and environment temperature condition of testing are tabulated in Table 3 . Figure 7 shows that 1.0 mm of thickness recorder the highest maximum stress at room temperature compared to the 2.0 mm for both experimental and modelling. It is seen that, the average variation of stress between experiment and modelling result for 1.0 mm thickness was 10%. In addition, the average variation of stress for 2.0 mm thickness are about 50 % from experimental results. Temperature of 35°C has the highest value for both approach. It was slightly decreased from 35°C to 100°C for both thicknesses. From the results, it can be observed that the high temperature will reduce the adhesive T-joint strength. This is due to the change in adhesive properties. Where adhesive becomes more elastic which results in adhesive bonding becomes weaker when the temperature increases near and beyond to T g value of 90.09°C. The result shows that experiment data were in the range of modelling result. Thus, the experiment up to an extent was validated by FE modelling. 
Conclusion
The strength of adhesive T-joint was studied in respect of the adhesive thickness and test temperature from room temperature to 100°C. As a conclusion, the adhesive T-joint strength decreases for temperatures over 35°C. This is because at high temperature, the failure is determined by the change of mechanical properties of adhesive. These results show relevance of material knowledge when testing under distinctive temperatures. Therefore, the epoxy adhesive used shows that it can be degraded essentially under specific conditions. 
